Previous studies suggested that the extramural distance (EMD) should be considered in therapeutic decision-making of rectal cancer because it can be used as an indicator of the T3 subclassification; however, reports of impact of EMD/mesorectum ratio on prognosis are rare.
Introduction
The T3-stage accounts for over 60% of all rectal cancers, and has the most heterogeneity in prognosis due to the variation of extramural distance (EMD). [1] Many studies had reported the prognostic influence of the EMD in pathology, [2] [3] [4] and suggested that this parameter should be considered in therapeutic decision making.
Neoadjuvant chemoradiotherapy has become a standard treatment scheme for patients with locally advanced rectal cancer (LARC) for many years, [5] [6] [7] and the treatment now is becoming more and more individualized. Since the pathlogical T3 subclassification based on the EMD can only be acquired after operation and affected by nCRT, There is an increasing need to obtain a precise value of the preoperative radiological EMD to identify high-risk patients to receive neoadjuvant therapy, and low risk patients may not need or need to reduce the intensity of treatment to achieve better quality of life.
The MR imaging (MRI) is feasible and reproducible in a multicenter setting and yields data equivalent to histopathologic results regarding the preoperative prediction of tumor spread has been demonstrated by the MERCURY study. [8] Moreover, the EMD detected by MRI had been shown to be an independent prognostic factor. [9] [10] [11] According to EMD, the European Society for Medical Oncology (ESMO) guidelines classified T3 disease into T3a (< 1 mm), T3b (1-5 mm), T3c (5-15 mm) and T3d (> 15 mm). [12] Although the subclassification has not been confirmed by any randomized trials and incorporated into any of TNM staging systems, it may offer a reference for the patient-tailored treatment. However, the thickness of the mesorectum may vary with the body mass index (BMI), tumor location and direction. For Chinese patients, the thickness of mesorectal fat is <15 mm in majority of patients and in most positions, [13] as a consequence, use of the subclassification in Chinese patients may be limited. In clinical practice, T3a with depth of invasion <1 mm is difficult to measure on MRI. Therefore, the EMD/mesorectum ratio would be a good supplement for T3 subclassification.
The aims of this study were to evaluate the feasibility of the EMD/mesorectum ratio as a marker of the T3 subclassification in the T3-stage mid-low rectal cancer, explore the optimal cut-off value of EMD/mesorectum ratio, and find the potential radiological marker on MRI for neoadjuvant chemoradiotherapy (nCRT).
Patients and methods

Patients
Between December 2012 and December 2016, 287 consecutive patients with MRI-staged locally advanced (cT3N0-2M0) midlow rectal cancer who were treated with curative surgery at our medical center were studied. The middle rectal cancer included the tumors whose lower border was more than 5 cm from the anus and 10 cm. The tumors whose lower border was 0 to 5 cm from anus would be defined as low rectal cancer. All of the patients were evaluated by high-resolution MRI before any treatment and the clinicopathological data were retrospectively reviewed. Postoperative chemotherapy regimens, including XELOX, FOLFOX, or 5-FU, with or without radiotherapy was performed according to the postoperative pathological staging and high risk factors of each patient. The surveillance schedule after the surgery included the measurement of serum tumor marker, physical examination, abdominal imaging examination (alternate use of CT and ultrasound) every 3 months and chest CT every 6 months for the first 3 years and then every 6 months for the next 2 years.
This study was approved by the Ethics Committee of our hospital and the Ethics Committee had agreed with our request for waiver of informed consent.
MR imaging and interpretation
A 3.0 T MRI (GE Discovery MR750W) using a phased-array body coil was imaged for each patient. The standard imaging protocol includes a sagittal T2 weighted (T2W) fast spin echo and an oblique axial thin-section T2W (TR: 4000 TE: 100; SLICE: 3 mm; MATRIX: 256 Â 256; FOV: 16; Plane resolution: 0.5-0.8 mm). Patients need to empty the rectum with Suppositories Glycerol and inject antispasmodic medication to inhibit bowel peristalsis in 30 minutes before the MR examinations. Two gastrointestinal radiologists (with more than 10 years of experience in MRI) who were blind to clinicopathological findings and prognosis reviewed the imaging features. Any discrepancy was solved by discussion. The EMD was measured as the outer edge of the low-signal intensity longitudinal muscularis propria to the deepest site of the tumor spread (in millimeters) in oblique axial thin-section T2W (Fig. 1A) , and the mesorectum was defined as the distance form outer edge of the muscularis propria of the rectum to the mesorectal fascia (MRF) in the same layer (Fig. 1B) . The tumor staging was according to the ESMO criteria based on the EMD (T3a: <1 mm, T3b: 1-5 mm, T3c: 5-15 mm, T3d: >15 mm). A lymph node on MRI (MR-LN) would be defined as positive if the short-axis diameter > 5 mm [14] or irregular border, T2 and enhancement heterogeneity. [15, 16] We also evaluated the association between tumor and MRF. If the closest distance from the tumor to the MRF was 1 mm or less, then the MRF would be considered as positive. Extramural vascular invasion (EMVI) on MRI would be defined as positive, if any of the following characteristics was present on 3 mm slices [23] : intermediate signal intensity apparent within vessels, although the contour and calibre of these vessels is only slightly expanded; obvious irregular vessel contour or nodular expansion of vessel by definite tumor signal.
Statistical analysis
Statistical analysis was performed using the IBM SPSS version 20 software program (IBM Inc., Armonk, NY). A 2-sided P < .05 was considered to be statistically significant and the confidence interval (CI) was determined at the 95% level.
Continuous variables were expressed as mean and standard deviation, and categorical variables were expressed as frequency and percentage. A receiver operating characteristic (ROC) curve and relative area under the curve statistics were used to find an expected cutoff value of EMD/mesorectum ratio. The continuous variable of EMD/mesorectum ratio was applied to ROC analysis with the end point of tumor recurrence. We also used univariate logistic regression analysis for recurrence and Cox regression analysis for RFS to confirm the optimal cutoff point of EMD/ mesorectum ratio. The association between the EMD/mesorectum ratio and other MRI or clinicopathological factors was analysed by the x 2 test. Survival analysis was performed by using the Kaplan-Meier method, groups were compared using the logrank test. The Cox regression analysis was also used to identify the preoperative independent prognostic factors for RFS.
Results
Patient baseline characteristics
A total of 287 MRI-staged T3 mid-low rectal cancer patients were analyzed in this study. The patients consisted of 189 (65.9%) males and 98 (34.1%) females, with a mean age of 60.3 years (range, 29-87). 160 patients (55.7%) were low rectal cancer and 127 patients (44.3%) were middle. The mean BMI was 20.3 ± 8.4 kg/m 2 . The mean EMD was 6.7 ± 5.2 mm (range, 0.5-33.0) ( Fig. 2A) , and the mean mesorectum was 17.3 ± 8.6 mm (range, 2.5-44.6) (Fig. 2B) . The number of patients with MR-LN positive and negative was 129 (44.9%) and 158 (55.1%), respectively. Of these patients, 63 (30.0%) patients had an involved MRF, and 224 (70.0%) patients were negative. For EMVI, 91 patients (31.7%) were positive and 196 patients (68.3%) were negative. The median follow-up was 37 months (range 20-65 months) and no patient was lost to follow-up. 8 (2.8%) patients developed local recurrence, 50 (17.4%) patients developed distant metastasis and 26 (9.1%) patients had died by the time of last follow-up. The 5-year RFS and OS were 78.1% and 86.5%, respectively.
Statistical analysis of cutoff points
The mean EMD/mesorectum ratio is 0.43 ± 0.28 (range, 0.03-0.99). The ROC curve showed 0.27 as the cutoff value of EMD/ mesorectum ratio expecting postoperative recurrence at a high true positive rate (sensitivity: 0.843), low false positive rate (1 À specificity: 0.564), high accuracy rate (0.509), high positive likelihood ratio (1.495), high positive predictive value (0.244), high OR (3.751), and low chi-square P value (<.001) among other cutoff points ( Fig. 3) . A value of 0.3 was then considered as an appropriate cutoff point because of feasibility in the clinical practice. Univariate logistic regression analysis showed that the value of 0.3 was a good cutoff point that had significant influence on postoperative recurrence (x 2 = 12.627, OR: 3.341, 95% CI: 1.635-6.826, P = .001) (Table 1A) . Multivariate Cox regression analysis confirmed that the value of 0.3 was an optimal cutoff point that had the greatest impact on 5-year RFS, among all other cutoff points (highest x 2 = 12.046, higher hazard ratio [HR]: 3.073, 95% CI: 1.576- 5.990 , and lowest P = .001) ( Table 1B) . The accuracy of predicting postoperative recurrence was 0.533 when choosing EMD/mesorectum ratio 0.3 as the cutoff point. When the absolute value 5 mm of EMD was selected as cutoff point (equivalent to T3a+T3b vs T3c+T3d), the accuracy of CI = confidence interval, EMD = extramural distance, OR = odds ratio, RFS = recurrence free survival.
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Medicine predicting postoperative recurrence was 0.544, which was very close to the accuracy of using the EMD/mesorectum ratio 0.3. Therefore, the patients were subdivided into 2 groups: EMD/ mesorectum ratio < 0.3 and EMD/mesorectum ratio ≥ 0.3.
Correlation between the EMD/mesorectum ratio and patient characteristics
Of the 287 patients, 124 (43.2%) had a EMD/mesorectum ratio < 0. 3 . The correlation between the EM/mesorectum ratio and patient characteristics was shown in Table 2 . A EMD/ mesorectum ratio ≥ 0.3 occurred more often in patients with BMI < 25. Patients with serum CEA level ≥ 5 ng/mL, tumor size on MRI ≥ 5 cm, tumor on anterior rectal wall, MR-LN positive and positive MRF, patients with positive EMVI also had higher proportion of EMD/mesorectum ratio ≥ 0.3. Patients with EMD/mesorectum ratio ≥ 0.3 also had higher combined resection rate and lower rate of anus-conserving surgery. For the postoperative pathological findings, patients with pathological lymph node invasion had a higher proportion of EMD mesorectum ratio ≥ 0.3.
Independent prognostic factors for survival
The results of univariate and multivariate analysis are shown in Table 3 . In the univariate analysis of RFS, tumor size on MRI, EMD/mesorectum ratio, MR-LN status, EMVI, surgical approach, TNM stage after operation, venous invasion and neural invasion were associated with DFS. For OS, both patients undergone abdominoperineal resection (APR) and hartmann surgery and patients with Tumor size ≥ 5 cm, MR-LN positive, EMVI positive and venous invasion all had decreased OS (Table 3A) . A Cox multivariate analysis was performed for variables with P < .05 in the univariate analysis. The multivariate analysis showed that EMD/mesorectum ratio ≥ 0.3 (HR 2.038; 95% CI: 1.230-4.123; P = .032) was the only preoperative independent adverse prognostic factor for RFS. For OS, the independent prognostic risk factors were MR-LN positive (HR 2.551; 95% CI 1.079-6.030; P = .033) and surgical approach (HR 3.025; 95% CI 1.346-6.797; P = .007) (Table 3B) .
Survival analysis
The 5-year RFS and OS rate of patients with EMD/mesorectum ratio ≥ 0.3 were 70.4% and 82.1%, respectively, which were significantly worse than those of EMD/mesorectum ratio < 0.3 (88.0% and 92.2%) (HR: 3.068, 95% CI: 1.540-4.634, P < .001; HR: 2.591, 95% CI: 1.068-5.031, P = .034) ( Fig. 4A  and B) . Furthermore, we analyzed the association between RFS rate of patients with EMD/mesorectum ratio ≥ 0.3 and nCRT. Of the 163 patients with EMD/mesorectum ratio ≥ 0.3, 61 patients had undergone nCRT with different intensity, and the baseline characteristics of the 2 groups are comparable (Table 4) . Patients who undergone nCRT had higher 5-year RFS compared with patients without nCRT [86.9% vs 63.2%, HR 2.652; 95% CI: 1.229-4.357; P = .001 (Fig. 5) ].
Discussion
An accurate staging system to classify patients into relatively homogeneous groups according to their prognosis is crucial, because these classifications enable clinicians to provide personalized treatment strategy or adequate surveillance to Table 2 Correlation between EMD/mesorectum ratio and patient characteristics. Table 3 Correlation between clinicopathologic factors and RFS, OS in clinical T3 mid-low rectal cancer. APR = abdominal perineal resection, CI = confidence interval, EMD = extramural distance, EMVI = extramural vascular invasion, HR = hazard ratio, LAR = low anterior resection, MRF = mesorectal fascia, MR-LN = lymph node on MRI, OS = overall survival, RFS = recurrence free survival.
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patients. The depth of infiltration of primary tumor (T classification), nodal status (N classification), lymphovascular invasion, perineural invasion, and preoperative carcinoembryonic antigen level were found to have prognostic impact in multiple trials. An important aim of the present work was to evaluate the value of the EMD/mesorectum ratio as a maker of T3 subclassification in the T3 mid-low rectal cancer. To the best of our knowledge, this is the first report with such a large sample, describing the impact of EMD/mesorectum ratio, clinicopathologic, and radiologic factors on the prognosis. The prognostic significance of the pathlogical EMD in rectal cancer was showed in many reports, [1, 3, 4, [18] [19] [20] [21] [22] and the cutoff value of the EMD using to predict survival was range from 2 to 15 mm. Moreover, previous studies [9] [10] [11] had demonstrated the EMD detected by MRI was an independent prognostic factor. Cho et al [10] confirmed that the EMD detected by MRI was an independent prognostic factor in patients with T3 rectal cancer (HR: 2.186 95%CI: 1.336-3.577, P = .002), and the T3a (< 5 mm) patients had a higher 3-year DFS than T3b (5-10 mm) and T3c (>10 mm) patients (P = .016, P = .0001, respectively). However, there were only 14 patients with T3c cancer in their study cohort of 146 patients, most tumors were T3a, and none of the patients had undergone nCRT which was unusual in currently clinical sets. Sueda et al [11] described the impact of EMD and CRM on prognosis, and selected a value of 4 mm as the cutoff point. In their study with 58 patients, EMD had been demonstrated to be an important preoperative prognostic factors for RFS in patients with clinical T3 lower rectal cancer (HR: 2.62 95%CI: 1.06-6.65, P = .04). However, the study had limited validation efficiency because of the small sample, only in the lower rectal cancer, and being from a single institute, and insufficient statistical analyses. In addition, all of these studies used the absolute value of EMD, differences of mesorectum between patients with different BMI and different directions of tumor were not considered. However, the mesorectal fat layer is rather thin in Chinese patients, and the mesorectum has been reported to be < 15 mm in the majority of patients in most positions and at most levels. [13] Moreover, the thickness of the mesorectum can vary with the BMI, tumor location, and direction. Besides, the T3a (preoperative staging of ESMO guideline) with depth of invasion <1 mm was difficult to measure on MRI and the distinction of prognosis between T2 stage and T3 stage was not remarkable when the T3 tumor has <1 mm spread. Therefore, the EMD/mesorectum ratio would be a good supplement for the absolute value of EMD. Based on our statistical analyses, the association between EMD/mesorectum ratio ≥ 0.3 and postoperative recurrence and 5-year RFS was remarkable. According to univariate and multivariate analysis, the EMD/mesorectum ratio was the only independent prognostic factor for 5-year RFS. For OS, both MR-LN and resection type were independent prognostic factors. However, regarding resection type (LAR vs APR and Hartmann), we caution against the firm conclusion because of the possibility of selection bias, surgeons would select patients with more-advanced T3 cancer or elder patients to perform APR and Hartmann surgery. Multivariate analysis showed that EMD/mesorectum ratio was not an independent prognostic factor for OS. This could be the result of short follow-up (median 37 months), effective adjuvant chemoradiotherapy and salvage surgery after recurrence. Even so, it's still obvious that EMD/mesorectum ratio ≥ 0.3 is one of the risk factors for postoperative recurrence. So, the optimal cutoff point was theoretically set to a value of 0.3. Then, the EMD/mesorectum ratio was divided into 2 groups: EMD/ mesorectum ratio ≥ 0.3 and EMD/mesorectum ratio < 0. 3. Because of the special cone anatomy of the rectum, the mesorectum has different values in different locations and directions. In our study, the mean ratio in the low rectum is 0.48 ± 0.28 and 0.38 ± 0.2 in the middle rectum. The proportion of ratio ≥ 0.3 in the low rectum is 65.0% and significantly higher than the middle rectum (46.5%, P = .002). Besides, tumors located in anterior wall had a higher percentage (75.3%) of having an EMD/mesorectum ratio ≥ 0.3 compared with tumors in the lateral (41.1%) or posterior (56.8%) (P < .001). Moreover, patients with a EMD/mesorectum ratio ≥ 0.3 had a significantly higher proportion of positive MRF compared with patients with an EMD mesorectum ratio < 0.3 (34.4% vs 5.6%, P < .001). Therefore, more attention should be paid to patients with tumor located in anterior wall and lower rectum, further studies could be performed to explore the optimal cut off values in different locations and directions.
Neoadjuvant chemoradiotherapy followed by total mesorectal excision (TME) is currently considered the standard combined modality treatment for patients with LARC. [5] [6] [7] Currently, basing on risk stratification, clinicoradiologic prognostic factors are used to identify patients with rectal cancer who would benefit from nCRT. Preoperative MRI assessed MRF involvement is a strong independent predictor of poor outcome in patients with LARC. [23, 24] EMVI [17, 25, 26] and EMD [9] [10] [11] detected on MRI are also risk factors for rectal cancer patients. However, studies evaluating the association between EMD detected by MRI and Table 4 Baseline characteristics of patients with EMD/mesorectum ratio ≥ 0.3.
Patient characteristics
Patients without nCRT, n (%) Patients with nCRT, n (%) P value Therefore, EMD/mesorectum ratio is a reliable imaging marker for T3 subclassification in mid-low rectal cancer and can be used to select high risk patients for nCRT.
There are several limitations in the present study. First, this is a retrospective study with a relatively short follow-up. Second, the study is not a large scale randomized controlled trials and the data from only one center. However, the present data show a strong correlation between the EMD/mesorectum ratio and RFS. Third, the regimens and dose of neoadjuvant therapy were different among the patients with EMD/mesorectum ratio ≥ 0.3, including short course radiotherapy, long course chemoradiotherapy and chemotherapy with different cycles only. Even so, the significant differences of 5-year RFS had demonstrated that patients with EMD/mesorectum ratio ≥ 0.3 could benefit from neoadjuvant therapy.
Conclusion
The EMD/mesorectum ratio was an independent prognostic factor for 5-year RFS of T3 mid-low rectal cancer patients, and the optimal cut off value of EMD/mesorectum ratio was 0.3 when the ratio was applied to classify T3 mid-low rectal cancer patients. nCRT should be performed for these patients when the EMD/mesorectum ratio is ≥ 0.3. However, further prospective study is necessary to prove reproducibility and validity of the cutoff point and the feasibility as an imaging marker of nCRT.
